The cholecystokinin (CCK) neuropeptide has been identified in the brain (Vanderhaeghen 1975; Dockray 1976) , the most abundant form corresponding to the C-terminal sulfated octapeptide fragment (CCK8). This neuropeptide interacts with the same affinity with two receptor types, designated CCK1 (previously named CCK-A) and CCK2 (previously named CCK-B) receptors, which both belong to the G-coupled receptor superfamily (Wank et al. 1992; Lee et al. 1993) . However, the distribution of these two receptors is quite different since the CCK1-type is abundant in peripheral organs and in few discrete brain regions (Moran et al. 1986; Hill et al. 1987) . In contrast, the CCK2-type is the predominant receptor found in the central nervous system, especially in cortical and limbic structures (Gaudreau et al. 1983; Moran et al. 1986; Pélaprat et al. 1987) . On the other hand, the gastrinic receptor localized on stomach parietal cells was shown to be identical to the brain CCK2 receptor (Wank et al. 1992) .
The cholecystokinin (CCK) neuropeptide has been identified in the brain (Vanderhaeghen 1975; Dockray 1976) , the most abundant form corresponding to the C-terminal sulfated octapeptide fragment (CCK8). This neuropeptide interacts with the same affinity with two receptor types, designated CCK1 (previously named CCK-A) and CCK2 (previously named CCK-B) receptors, which both belong to the G-coupled receptor superfamily (Wank et al. 1992; Lee et al. 1993) . However, the distribution of these two receptors is quite different since the CCK1-type is abundant in peripheral organs and in few discrete brain regions (Moran et al. 1986; Hill et al. 1987) . In contrast, the CCK2-type is the predominant receptor found in the central nervous system, especially in cortical and limbic structures (Gaudreau et al. 1983; Moran et al. 1986; Pélaprat et al. 1987) . On the other hand, the gastrinic receptor localized on stomach parietal cells was shown to be identical to the brain CCK2 receptor (Wank et al. 1992) .
Pharmacological data using selective CCK agonists or antagonists have shown that CCK receptors play an important role in anxiety and stress-related behaviors, nociception and memory processes (reviews in: Harro et al. 1993; Crawley and Corwin 1994; Shlik et al. 1997) . However, some discrepancies exist in the literature about the type of receptors involved in these responses and the efficiency of some selective compounds. One possible explanation could be the differences in recognition of two affinity states for the CCK2 receptor, designated 2a and 2b (Durieux et al. 1986; Harper et al. 1999a,b) which could correspond to different couplings to G proteins of a single receptor, resulting in different intracellular events (Pommier et al. 1999) and subsequently in distinct behavioral responses (Derrien et al. 1994; Léna et al. 1999) .
A now currently used approach for analyzing the physiological role of a receptor is to generate, by genetic manipulations, mice invalidated for this receptor (Kieffer 1999) .
The behavioral profile of CCK2 receptor-deficient mice generated by gene targeting (Nagata et al. 1996; Miyasaka et al. 1999 ) was carried out in this work. We demonstrate that their emotional responses are not significantly different from those elicited by wild-type animals. In contrast, a motor hyperactivity, a deficit in some attention and/or memory processes, and a neurological/muscular impairment occurred in genetically modified animals. All these modifications will be discussed in terms of possible direct consequences resulting from CCK2 receptor inactivation and/or from compensatory processes due to this receptor invalidation.
METHODS

Subjects
CD1 mice (Charles River, Saint-Aubin les Elbeuf, France) (three months old) and CCK2/gastrin receptor deficientmice (three months old) coming from the original background of 129sv/C57BL/6 mice (Nagata et al. 1996) were used. Breeding and genotype analysis of the latter have been done by Transgenic Alliance (L'Arbresle, France). Male and female mice were used. They were housed (groups of 4-5 mice per cage) in the laboratory at least a week before the experiments, in a temperature (22 Ϯ 1 Њ C) and humidity (50% Ϯ 5%) controlled environment and had free access to food and water.
All experimental procedures were approved by the local ethical committee.
Behavioral Experiments
Traction Test (from Courvoisier 1956
). This test consists of determining the time taken by mice, suspended by their front paws to a metallic wire strung (diameter 1.5 mm) placed horizontally 20 cm over the floor), to grasp the bar with at least one hind paw. A positive response was scored if mice grasped the bar with at least one hind paw in less than 5 sec. Results were expressed as percentage of success. Sixty-seven 129sv/C57BL/6 mice (34 wild type ( ϩ / ϩ ), 33 CCK2 receptor-deficient mice ( Ϫ / Ϫ ) and twenty CD1 mice were studied in a first experiment. Forty 129sv/C57BL/6 mice (20 ϩ / ϩ , 20 Ϫ / Ϫ ) were used for the experiment with the CCKB antagonist (L365,260).
Two groups of ϩ / ϩ and Ϫ / Ϫ were studied, the control group (n ϭ 10 for each strain) received cyclodextrin (5%) and the L365,260 group (n ϭ 10 for each strain) was injected i.p. at the dose of 200 g/kg, 45 min before the test. 1000 g/kg of L365,260 (n ϭ 10 for each group) or cyclodextrin (5%) (n ϭ 10 for each group) was injected to ϩ / ϩ and Ϫ / Ϫ mice 45 min before the test. Boissier et al. 1960 ). The chimney is constituted of a vertical glass tube (length 30 cm, diameter: 26 or 28 cm depending on the weight of mice). Mice were put in the tube, the head upside down. The test consisted of determining the time taken by mice to climb back, upside down, up to 25 cm of height. A positive response was scored if mice passed the delineation corresponding to 25 cm in less than 30 sec. Mice were tested once. Results were expressed as percentage of success. Forty-eight 129sv/C57BL/6 mice (20 ϩ / ϩ , 28 Ϫ / Ϫ ) were studied.
Chimney Test (from
Rotarod Test (from Dunham and Miya 1957).
Mice were placed on a stationary 3 cm diameter cylinder. The rotarod was switched on to a speed of 10 rpm, and mice were timed until they fell from the rotarod (maximum cut off time of 120 sec). Mice that attained a score of 120 sec were removed from the rotarod and returned to their home cage; mice that fell, restarted for a total of three consecutive trials. Mice that could not remain on the stationary cylinder for three trials scored zero. The first and third trials were used for statistical analysis. The same animals as in the traction test were used. Mice were first tested in the traction test and then in the rotarod test (see above traction test).
Actimeter. Mice were individually placed in a plastic cage (255 cm x 205 cm) under a light intensity of 5 lux in a sound-attenuated room. The animals' horizontal movements were counted with photocells. The test lasted 60 min. Seventeen 129sv/C57BL/6 mice (8 ϩ / ϩ , 9 Ϫ / Ϫ ) were studied in the first experiment. Fortyeight (24 ϩ / ϩ , 24 Ϫ / Ϫ ) were used in the experiment with the selective CCK2 agonist (BC264). Two groups of ϩ / ϩ and Ϫ / Ϫ mice were studied. The control group (n ϭ 12 for each strain) received saline and the BC264 group (n ϭ 12 for each group) was injected i.p. at the dose of 3 g/kg, 30 min before the test.
Open-field Test. Qualitative analysis of spontaneous activity was performed in an open-field corresponding to a large white rectangular area (70 cm wide, 90 cm long, 60 cm height) strongly illuminated (500 lux) from the top. Black lines on the floor of this field delineated 10 ϫ 10 cm squares. Mice, first placed in a corner of the open-field, were examined for one 6-min period. The latency to move out from the corner and to cross two squares (latency time), the number of squares crossed, rearing, grooming and defecations were recorded by an experimenter. Forty one 129sv/C57BL/6 mice (19 ϩ / ϩ , 22 Ϫ / Ϫ ) were studied.
Elevated Plus Maze Test. The elevated plus maze (first described by Pellow et al. 1985) was used to evaluate mice emotionality. This is a wooden apparatus consisting of four arms (16 cm long, 5 cm wide). Two opposite arms are surrounded on three faces by 10 cm high walls (closed arms), while the two other arms are open (open arms). The maze is raised up to a height of 30 cm over the floor and illuminated (100 lux) from the top. The behavior was observed by an experimenter on a video-computer placed outside the testing sound-attenuated room. In this test, mice were first placed in the central square facing an open arm, and the total number and duration of entries made in open and closed alleys were recorded during 5 min. Results are expressed as the ratio between the cumulative number of visits or time spent in the open parts of the maze considered as an aversive area and the whole number or duration of visits. Nineteen 129sv/ C57BL/6 mice (10 ϩ / ϩ , 9 Ϫ / Ϫ ) were studied.
Motility Conditioned Suppression Test. The assay was performed as previously described by Kameyama and Nagasaka (1982) . Mice were placed in a transparent rectangular cage (30 ϫ 26 ϫ 30 cm) with a metallic grid floor. Animal displacements were measured by drawing 12 squares on the floor for counting. The apparatus was located in an illuminated (100 lux) sound-proof room. On the first day, the mouse was left in the test cage for 6 min and received electric footshocks (0.1 Hz, 200 ms, 100 V) through an isolated stimulator (GL 260T, Société Ravia, Bordeaux, France). Each animal received electric shocks in the range of 1.2-3 mA. On the second day, the mouse was placed in the same cage without receiving electric footshocks and motility changes were tested by counting the number of squares crossed, plus the number of rearings in 6 min; mice belonging to the control group were handled in the same way as those in the conditioned suppression group except that they did not receive electric footshocks on the first day. Forty 129sv/C57BL/6 mice (20 ϩ / ϩ , 20 Ϫ / Ϫ ) were used.
Spontaneous Alternation. The apparatus consists of a symmetrical wooden Y maze with arms 25 cm long, 8 cm wide and 15 cm high. The apparatus was illuminated from the top (100 lux) and the floor was covered with a small amount of sawdust. The behavior was observed by an experimenter on a video-computer placed outside the testing sound-attenuated room. Mice were put in one arm of the maze and the sequence and number of arm entries were recorded over a period of 10 min. An arm visit was recorded when a mouse moved all four paws into the arm. Scoring of alternations consisted of the evaluation of response sequences, in which entering into the least recently visited arm, was considered an alternation response. The proportion of alternations was computed by dividing the number of alternations by the total number of arm visits. In order to obtain a correct measure of the qualitative aspect of the behavior, a minimum of nine visits was retained to calculate the percentage of spontaneous alternation behaviors. Forty two 129sv/ C57BL/6 mice (20 ϩ / ϩ , 22 Ϫ / Ϫ ) were studied.
Nociceptive Experiments. Pain sensitivity to footshock was assessed by threshold analysis as a control for the procedure requiring footshocks, e.g. the motility conditioned suppression test as previously described by Crawley (1999) . A sequence of single footshocks was delivered in the same chamber used for the motility conditioned suppression test as described above, and the mouse was observed for flinching, jumping, running and vocalization. Once these behaviors were observed, the sequence was terminated. The sequence begins with 0.72 mA and proceeds through 0.84 mA, 0.96 mA, 1.08 mA and 1.2 mA single footshocks of 200 ms duration each. Most mice showed behavioral responses to the lower footshock levels and therefore did not receive the higher footshocks. Seventeen 129sv/C57BL/6 mice (7 ϩ / ϩ , 10 Ϫ / Ϫ ) were studied. pentier et al. 1988 ) was synthesized in the laboratory as previously described.
The CCK2 antagonist L365,260 : (Bock et al. 1989 ) was a generous gift from Rhône Poulenc Rorer.
BC264 was dissolved in 0.9% saline while L365,260 was used in the form of a fine suspension in cyclodextrin (5%) (Aldrich).
Statistical Analysis
Behavioral data were analyzed using 1-way analysis (genotype) of variance or 2-way analysis (genotype, treatment) of variance (ANOVA). If the 2-way analysis reached significance, a 1-way analysis of variance was done followed by the Dunnett's test or the Duncan test. Nociceptive, chimney and traction experiments were analyzed using the Mann and Whitney test. The 5% level of statistical significance was chosen a priori.
RESULTS
Targeted disruption of the CCK2 receptor gene did not impair the fertility of mutant mice, and their growth evaluated by body weight was the same as that of wild type mice. Any obvious abnormality in their general appearance relating to the wild type was looked for. The size and histology (Nissl-stained section of hind-brain and forebrain) of the brain did not reveal any obvious abnormality (data not shown) as expected from Nagata et al. (1996) . The mice studied did not seem sick or injured by fighting with congeners.
The same number of males and females was tested in each experiment and in each strain. There was no significant difference between male and female behaviors in all the experiments except in the open-field test.
Traction, chimney and rotarod tests allow rodents' motor abilities to be examined. CD1 mice were used in these tests to control their performances as compared to those of wild-type (129sv/C57B/6) mice, used for CCK2 receptor gene invalidation.
Traction Test
The traction test brings more precisely into play equilibration muscle strength and tonus.
Both CD1 and wild-type (129sv/C57B/6) mice grasped the bar with at least one hind paw in less than 5 s. There is no significant difference between these two strains of mice in this test (CD1 ϭ 100%, WT ϭ 95 Ϯ 5%).
CCK2 receptor-deficient (129sv/C57B/6) mice did not grasp the bar with at least one hind paw in less than 5 s, showing a significant impairment of performance in the traction test (20% of the control) (U ϭ 125, p Ͻ .01), Figure 1 . This impairment is reproducible since the same results were obtained using four other batches of mice (not shown).
I.p. administration of the selective L365,260 CCKB antagonist at the dose of 200 g/kg 45 min before the test did not change the performance of wild-type mice and CCK2 receptor-deficient mice (Figure 2 ) (genotype control: U ϭ 21, genotype L365,260: U ϭ 20, p Ͻ .01). The dose of 200 g/kg of L365,260 used was sufficient to suppress the effects of various behavioral changes induced by CCK2 agonists (Derrien et al. 1993; Smadja et al. 1995; Ladurelle et al. 1997) . In addition, we tested 1000 g/kg in both strains and did not find any difference in relation to 200 g/kg (not shown).
Therefore, these results show that the blockade of CCK2 receptors by the L365,260 antagonist in wild-type mice did not reproduce the effects obtained in their absence in CCK2 receptor-deficient mice.
Chimney Test
The chimney test brings into play equilibration muscle strength, tonus and coordination of movements.
Both wild-type and CCK2 receptor-deficient mice climbed back up, upside down, the length of a vertical glass tube in less than 30 s. There is no significant difference between wild-type and CCK2 receptor-deficient mice in the chimney test (U ϭ 540, NS) (not shown).
Rotarod Test
The ability to balance and walk on a rotating cylinder is a test of coordinated motor functions. It can be noticed that in this test, CCK2 receptor-deficient and wild-type mice performed very poorly on the rotarod test during the first trial. This was already reported for wild type 129s/C57B/6 mice (Kelly et al. 1998 ) and also observed in this study for CD1 mice (CD1 ϭ 36.1 Ϯ 8.3 s, WT ϭ 23.1 Ϯ 6.7 s, p ϭ .22). However, in the third trial, CD1 as well as wild-type mice exhibited an increased score in comparison to the first trial (CD1 ϭ 65.6 Ϯ 10.6 s, WT ϭ 68.3 Ϯ 10.1 s). Regarding CCK2 receptor-deficient mice, it is interesting to observe that they scored significantly lower than wild-type mice both in the first and the third trials (first trial: F(1,65) ϭ 12.852, p Ͻ .001; third trial: F(1,65) ϭ 7.766, p Ͻ .001). Moreover, in contrast to wild type 129s/C57B/6 and CD1 mice, CCK2 receptor-deficient mice did not improve their performances on the third trial (Figure 1 ). This impairment is reproducible since the same results were obtained using four different batches of mice (not shown).
I.p. administration of the selective L365,260 CCKB antagonist at the dose of 200 g/kg 45 min before the test, did not change the performance of wild-type and CCK2 receptor-deficient mice (ANOVA first trial: genotype: 
Motor Activity Measured in Actimeter
An increase in motor activity measured in actimeter for 60 min was observed in CCK2 receptor-deficient mice in comparison to wild-type mice. Hyperactivity is observed at 20 min (p Ͻ .03), 30 min (p Ͻ .02) (Figure 3, Panel A) .
On the other hand, i.p. administration of BC264 at the dose of 3 g/kg induced an increase in the motor activity of wild-type mice (Genotype: F(1,46) ϭ 6.85 p ϭ .01, treatment: F(3,46) ϭ 4.27, p ϭ .01), (Figure 3, Panel B) .
Locomotor/exploratory Activity Measured in the Open-field Test
There is no significant difference between wild-type and CCK2 receptor-deficient mice in the number of squares crossed, rearings (Table 1) , groomings, latency time and in the number of defecations measured for 6 min in the open-field test (not shown). However, the ANOVA analysis revealed significant differences between males and females in the number of squares crossed (F(3, 37) ϭ 3.315, p ϭ .03) and in the number of rearings (F(3,37) ϭ 4.446, p ϭ .009) of both wild type and CCK2 receptor-deficient mice. Females (ϩ/ϩ and Ϫ/Ϫ) showed an increase in locomotor activity in comparison to males (ϩ/ϩ and Ϫ/Ϫ).
Anxiety-related Behavior Measured in the Elevated Plus Maze
The total number of arm visits, the number and the time spent in closed arms were significantly increased in CCK2 receptor-deficient mice compared to wild-type animals. However there is no significant difference between wild-type and CCK2 receptor-deficient mice in the percentage of visits and of time spent in the maze open arms (measure of anxious reactivity). (Table 2 ).
Conditioned Suppression of Motility Test
A statistical difference in motor activity was observed between conditioned mice (C) compared to non-conditioned mice (NC) in wild-type or CCK2 receptor-deficient groups, but not between wild-type (ϩ/ϩ) and CCK2 receptor-deficient mice (Ϫ/Ϫ) in conditioned or non-conditioned mice (number of squares crossed plus rearings: ϩ/ϩ group: NC ϭ 70.1 Ϯ 7.8, C ϭ 5.5 Ϯ 1.6; Ϫ/Ϫ group: NC ϭ 85,6 Ϯ 6.4, C ϭ 10.0 Ϯ 2.3). ANOVA ϭ genotype factor ϭ F(1,38) ϭ 1.278, p ϭ .26; NC/C factor ϭ (1,38) ϭ 37.854, p Ͻ .001; interaction ϭ F(1,38) ϭ 0.224, p ϭ .63 (not shown).
Spontaneous Alternation Behavior Measured in the Y Maze
There are no significant differences between wild type and CCK2 receptor-deficient mice in the total number of arm visits (ϩ/ϩ: 45.5 Ϯ 2.3, Ϫ/Ϫ: 41.6 Ϯ 2.0, ANOVA: F(1,40) ϭ 1.735, p ϭ .1952). However a significant decrease in the percentage of spontaneous alternation was observed in the CCK2 receptor-deficient group of mice in comparison to wild-type mice. ANOVA (F(1,40) ϭ 16.528, p ϭ .0002) (Figure 4) . 
Nociceptive Experiments
There is no significant difference between wild type and CCK2 receptor-deficient mice in response thresholds towards nociceptive stimuli generated by an electrical stimulation. A footshock of 0.72 mA induced flinching and/or running in 70% of CCK2 receptor-deficient mice (n ϭ 10) and in 50% of wild type mice (n ϭ 8) (U ϭ 32, NS), jumping and vocalization in 20% of CCK2 receptordeficient mice and in 29% of wild type mice (U ϭ 33, NS). A footshock of 0.84, 0.96, 1.08 and 1.2 mA produced jumping and/or vocalization in 100% of CCK2 receptordeficient mice and in 100% of wild type mice.
DISCUSSION
The aim of this study was to investigate the physiological role of the CCK2 receptor in behavioral control by using mice invalidated for this receptor. The responses obtained could be interpreted: (a) by the suppression of endogenous CCK effects acting on CCK2 receptors, (b) by CCK stimulation on the remaining CCK1 receptors or (c) by compensatory processes. Indeed, knockout mice gained the defect at the early phase of embryogenesis and some other genes may compensate, during development, for the deleted one (reviewed in Gerlai 1996) . Studies with deficient mice could therefore give insights on the occurrence of compensatory processes due to receptor inactivation.
CCK2 receptor-deficient mice showed a neurological/muscular impairment as measured in the traction and rotarod tests. In the traction test, which brings into play equilibration muscle strength and tonus, CCK2 receptor-deficient mice did not satisfy the test. As reported by Kelly et al. 1998 , wild-type (129sv/C57B/6) but also CD1 mice (see this study) performed poorly on the rotarod test but improved their scores over the three consecutive trials. As shown here, CCK2 receptor invalidation led to an additional reduction in the performances of CCK2 receptor-deficient mice as compared to wild-type animals. Furthermore, there was no improvement observed over the three consecutive trials with the mutants. This could indicate that mice undergo a functional impairment in equilibration muscle strength and tonus and/or in coordinated skills which does not occur when guide constraints exist as in the chimney test. In addition, this latter test also brings into play curiosity, fear and the escape instinct which could explain the lack of impairment in performance of CCK2 receptor-deficient mice in these conditions.
To the best of our knowledge, there is no pharmacological data reporting neurological/muscular impairment following treatments with CCK compounds. Furthermore, acute injection of the L365,260 CCK2 antagonist at the dose suppressing the effects of CCK2 receptor stimulation did not produce any behavioral modification of wild-type mice, indicating that CCK2 receptors were not essential for performing correctly the tasks required in the traction and rotarod tests. In addition, there is no data in the literature indicating that the long term blockade of the CCK2 receptor by selective antagonists affects neuromuscular functions. This suggests that the neuro-muscular impairment of CCK2 receptor-deficient mice is very likely not specifically linked to the CCK2 gene deletion and that other processes such as a polymorphism in the genetic background (reviewed in Gerlai 1996) could be responsible for this effect. However this hypothesis is not supported by the similar impairments obtained with four different batches of mice. On the other hand, the general health of CCK2 receptor-deficient mice appears good and they are not affected by an injured housing environment. Taken together, these results seem to indicate that the impairment observed in the traction and rotarod tests, is the consequence of CCK2 gene deletion, an assumption reinforced by recent data showing a decrease in CCK expression in rat spinal motoneurons chemodenervated with the botulinum toxin (Jung et al. 1997) . Although CCK binding sites development takes place in rat brain, in most but not all parts of CNS, essentially during the post-natal period, maximal CCK binding is already present at birth in some rat brain structures (endopyriform nucleus, ventromedial hypothalamus nucleus and medial nucleus of amygdala) indicating that CCKergic systems could play a role in the development and maturation of structures of the central nervous system . Moreover, mice contain CCK2 receptors in the cerebellum but not in the caudate-putamen nucleus (Sekiguchi and Moroji 1986) . Regarding the role of the cerebellum in motor coordination, the cause of impairment observed in CCK2 receptor-deficient mice needs further experiments for its elucidation. It could be argued that the observed impairment in motor function could bias testing and analysis of other behaviors. However, the neuro-muscular impairment of CCK2 receptor-deficient mice is only partial as they performed well in the chimney test. Accordingly, muscular impairment could not explain the behavioral modifications discussed below since differences between both types of mice occur in some tests (actimeter, elevated plus maze) but not in open-field and Y maze, although each assay requires horizontal locomotor activity. In addition, if the impairment had interfered with locomotor activity, the consequence would have been a decrease and not an increase in motor behavior as observed here.
Locomotor activity and exploratory behavior of CCK2 receptor-deficient mice were measured in various situations since the responses obtained with CCK compounds were shown to be dependent on the environment (Daugé et al. 1989; Ladurelle et al. 1995; Ladurelle et al. 1997 ; see also: reviews in Harro et al. 1993; Crawley and Corwin 1994) .
Thus, the spontaneous alternation behavior measured in a Y maze represents a potentially useful tool for investigating attention and/or memory functions (Anisman and Kokkinidis 1975) . Mice lacking CCK2 receptors showed a decrease in alternation in comparison to wild-type animals. Since there is no difference in the total number of arm visits between both groups, this suggests an impairment of attention and/or memory processes following receptor disruption. This is in agreement with the impairment in retention of spatial recognition observed with CCK2 receptor-deficient mice using a 2-trial memory test (Sebret et al. 1999) .
Locomotor activity measured for 6 min in the slightly stressful environment of the open-field was not different between wild-type and CCK2 receptor-deficient mice. No difference was also observed in the motor activity of both groups of mice during the first 10 min after the animals were placed in the actimeter for a test. However, following this initial period, CCK2 receptor-deficient mice showed a significant hyperlocomotor activity. In addition the activity of CCK2 receptor-deficient mice decreased less rapidly over time relating to wild-type mice, suggesting an impairment in environmental habituation related to the absence of CCK2 receptors. This is an unexpected result since CCK2 agonists induced an increase, and CCK1 agonists a decrease, in the locomotor activity of mice as measured in the same test (reviewed in Crawley and Corwin 1994; Fig. 3, panel B) . The lack of habituation of CCK2 receptor-deficient mice could also explain the decrease of spontaneous alternation behavior and could correspond to a cognitive deficit in these animals (see above).
In addition, when mice were tested in more stressful environments, i.e., the elevated plus maze test (animal model of anxiety) and the motility conditioned suppression test (animal model of depression), there was no difference in measured emotional responses between CCK2 receptor-deficient and wild-type mice. These results appear striking since CCK2 receptors activation (especially the CCK2a subtype) by CCK agonists has been shown to be involved in stress-related behaviors leading to anxiogenic-like responses in mice (Harro et al. 1993; . In addition, most of the studies have shown that the blockade of CCK2 receptors by selective antagonists induces anxiolytic-like responses in rodents (Rataud et al. 1991; Singh et al. 1991; Derrien et al. 1994 ; see also reviews in Harro et al. 1993; Shlik et al. 1997; Daugé and Léna 1998) . Therefore, the lack of behavioral modifications observed with CCK2 receptor-deficient mice, could be related to unknown compensatory processes.
Concerning the motility conditioned suppression test, CCK2 agonists were shown to potentiate the reduction in mice motility submitted to the unescapable footshocks. CCK2 antagonists alone did not change the motility of conditioned mice but potentiated the reduction of the conditioned suppression of motility produced by endogenous enkephalins protected from metabolizing enzymes by the RB101 dual inhibitor (Smadja et al. 1995) . Therefore, the lack of CCK2 receptors is expected to reduce the conditioned suppression of motility or to result in the absence of change in the behavior of mice. The motility conditioned suppression test requires sensitivity to shocks and intact memory performances. The lack of changes between both groups of mice observed in this study can neither be explained by a modification of pain sensitivity since the responses to footshocks were found identical in CCK2 receptor-deficient and wild type mice, nor by a decrease in memory since CCK2 receptor-deficient mice behaved like wild type mice in the motility conditioned suppression test. Together, these results could mean that this stressful situation does not require a phasic release of endogenous CCK or that compensatory processes occur.
In conclusion, some results observed with CCK2 receptor-deficient mice are unexpected. This is the case for the neuromuscular impairment of CCK2 receptordeficient mice which could be due to a polymorphism in the genetic background. However, a role for the CCK2 receptor in this function cannot be excluded as illustrated by the reduction in preproCCKRN during evoked impairment of muscle function after the administration of neurotoxins (Jung et al. 1997 ). Other results very likely imply the occurrence of compensatory mechanisms, as previously shown with genetically modified animals (Mogil and Grisel 1998) . This brings some support to the concept of a modulatory role of peptides in behavioral functions, such as stressful-related behaviors, suggesting that some functionally related neurotransmitter systems could play a compensatory role in CCK2 receptor-deficient mice. On the other hand, other behavioral modifications observed in mutant mice are in agreement with the role of CCK2 receptors. This is the case for the impairment of spontaneous alternation behavior in CCK2 receptor-deficient mice which is in line with the impairment in spatial recognition retention observed in these animals (Sebret et al. 1999) . Together, this emphasizes the physiological role of CCK in improving, through CCK2 receptor stimulation, some attention and/or memory processes.
